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What is new?
A sizable proportion of published systematic reviews (SRs) in cardiovascular medicine overlaps in terms of population, intervention, comparator, and outcomes.
Overlapping multiple reviews on myocardial infarction interventions were found to agree in their qualitative conclusions, but disagreements in the reporting and the analysis of hard outcomes are common.
Because outcome selection and reporting is inconsistent across SRs exploring the same objective, multiple reviews can be seen as useful confirmation of findings rather than a waste of resources in evidence synthesis production.
Introduction
The number of systematic reviews (SRs) published has risen in the past decade with approximately 2,500 new publications indexed annually on MEDLINE [1] . This increases the likelihood of finding multiple overlapping reviews [2] that present conflicting results.
The term ''systematic'' implies that the process and methodology of generating a review, in addition to being exhaustive, are valid, transparent, and well reported such that other independent researchers following the same methods can replicate the same results and, therefore, arrive at the same conclusions [3, 4] . In 1997, Jadad et al. [5] first addressed the issue of how to appraise discordant evidence originating from multiple but similar SRs. Similar SRs have the same objective but might differ at the level of the results or their interpretation. In such cases, the review featuring the most comprehensive literature search, explicit and reproducible selection of studies, and a quality assessment of the primary studies should be preferred. There are some examples of discordant SRs that have generated controversy [6e8] . One emblematic case study explored the results of 10 multiple SRs focused on the role of acetylcysteine in the prevention of contrast-associated nephropathy [9] . Five reviews recommended routine use of acetylcysteine, whereas the others were more cautious and called for further trials. There exists little empirical evidence about the multiplicity cumulative phenomenon.
The aim of this article was to assess the scientific validity and reproducibility of results in multiple SRs examining the health effects of interventions for a cardiovascular disease such as myocardial infarction (MI). We focused on a cohort of SRs published between January 1997 and December 2007. These SRs are the potential, key drivers of actual clinical practice and can help elucidate the impact of discordances on practice for cardiovascular diseases.
Methods
We have described the rationale, design, and methods in detail in a previous publication [10] . Briefly, the eligibility of studies was assessed, independently, by two reviewers across all phrases in accordance to standard rules and implementing ad hoc forms. Disagreements were resolved by consensus; arbitration with a third reviewer was possible when necessary. We kept double entry of all details to ensure data quality.
Our study was carried out in six phases. Phase 1. We carried out a systematic search process starting from Clinical Evidence search strategy process, as described elsewhere [10] . Clinical Evidence is the BMJ Group medical textbook synthesizing biomedical evidence on a wide range of globally important clinical conditions [11] . We focused on the MI Clinical Evidence chapter presenting interventions encompassing the primary and secondary prevention on MI. The Clinical Evidence search strategy was based on strategy process and outputs developed a priori and performed by BMJ Evidence Centre information specialists (Clinical Evidence Study design search filters, available at http://clinicalevidence.bmj.com/ x/set/static/ebm/learn/665076.html). The search strategy was adapted to MI prevention and applied to MEDLINE, Embase, and Cochrane Register of Controlled Trials (Central) to capture all potential overlapping SRs. We checked, also, the reference list of all selected SRs to identify other relevant SRs.
Phase 2. We screened the titles and abstracts to identify SRs investigating the efficacy of treatments for coronary artery disease, including both pharmacological and procedural interventions. We included publications that mentioned the terms ''systematic review'' or ''meta-analysis'' in the title or abstract or reported to have searched at least one bibliographic database. We searched SRs published from January 1997 to December 2007 in English, Italian, Spanish, or French.
Phase 3. We extracted information from the title and abstract to identify potential, multiple SRs. Potential multiplicity was defined as at least two independent SRs sharing the same population condition/pathology and intervention, irrespective of differences in outcomes and controls. Reasons for exclusion, such as duplicate publication or narrative nature of review, were documented. Phase 4. We accessed the full text of reviews, analyzing the overlap between controls and outcomes. Thus, we identified clusters of at least two SRs with the same PICO (population, condition/disease, intervention, control and at least one outcome) and objective. These were classified as clinically homogeneous (ie, multiple SRs). SRs considering several drugs or interventions could have been grouped in more than one cluster. Phase 5. We completed an analytical characteristic report for each SR within a cluster, determining the clinical features, design (eg, inclusion criteria), methods, and the publication history. We used the checklist by Oxman and Guyatt [4] to assess the quality of included SRs. When a previous review was cited, we abstracted the authors' rationale for repeating the review, if reported [12] .
Phase 6. We examined the concordance or discordance for direction and statistical significance of meta-analysis results. We considered ''qualitative interaction'' and ''quantitative interaction'' [13] . Qualitative interaction exists if the direction of effect is reversed. Quantitative interaction exists when the magnitude of the effect, but not of the intervention, varies such that an intervention is beneficial to different degrees in different subgroups. We subcategorized quantitative interaction in: (1) ''significance clich e'': two effect sizes were in the same direction, but only one reached statistical significance, which we called; (2) ''quantitative interaction'': there was a statistical criterion to identify interaction [14] .
As a final health-policy step, we presented the results of each outcome according to patterns that are relevant to clinicians and policy makers who seek advice from SRs to inform practice.
Concordant significant superiority of one treatment: the direction of the effects agreed, and findings were statistically significant for all SRs. We a priori reasoned that the identification of statistically significant heterogeneity, defined as chi-squared test P-value !0.1, would mostly affect estimates of the amount of benefit but not of its likeness. In this scenario, decision makers finding multiple reviews would choose one intervention and discard the other and move on to balance the efficacy against the harms and costs to make a final recommendation.
Concordant nonsignificant difference between treatments: no SR was able to demonstrate statistically significant superiority for the effectiveness or harm. SRs could be concordant or discordant about direction, but none found significant differences between the intervention and the control. Meta-analyses were classified in this category irrespective of statistically significant heterogeneity. Our definition might be simplistic because we did not consider the optimal information size [15] or the concept of ruling out the possibility of an important effect, such as those explored in equivalence or noninferiority studies [16] . In such scenario, decision makers finding multiple reviews would not be able to decide on which treatment to adopt based on the efficacy.
Discordant significance of treatment effects: at least one SR was discordant from the others for statistical significance. Decision makers finding such multiple discordant SRs would not be supported by consistent evidence syntheses when deciding in favor or against the adoption of a treatment. Ambiguity would be enhanced if statistical significant heterogeneity of effect estimates is found among these SRs.
Each cluster was categorized according to these patterns (ie, concordant significance, concordant nonsignificance, discordant significance), considering the outcomes in the following hierarchical order: overall mortality, which is most relevant and unbiased; single cardiovascular components; and composite outcomes, which are more prone to reporting and other biases [17] .
Finally, we reviewed all multiple SRs and recorded all concluding statements in the abstract and, secondarily, in the main text addressing the efficacy of the intervention in modifying outcomes. A concluding statement had to explicitly include the intervention and remarks about the causal relationship, with or without the outcome [18] . We excluded comments about implications for practice.
We used multinomial logit regression, with SRs as a unit of analysis and clusters as random effects, to compute the relative risk ratio that single-component outcomes (mortality, MI, stroke) fall into the nonsignificant effect or outcome not reported category compared with the significant effect category. P-values less than 0.05 were considered statistically significant. The degree of heterogeneity between meta-analyses' effect measures was identified if the chi-squared test significance P-value was less than 0.1. The I 2 was not used because this is estimated with great uncertainty when less than five studies are included in a meta-analysis, as found in our review. These analyses were conducted using Stata 12.1 software (StataCorp, College Station, TX, USA).
Results

Included studies
The Clinical Evidence search strategy identified 1,503 records ( Fig. 1) . After an initial screening of the titles and abstracts, 1,350 studies were excluded because they assessed an intervention not considered in any other SR or were narrative reviews focusing on the disease or interventions rather than the efficacy, safety, and MI. We obtained the full text of 153 articles. Among these, two SRs were excluded because they were duplicate publications, 40
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Records identified in MEDLINE, Embase, and Central and screeend n=1503
Records excluded by title and abstract n=1350
Records assessed for eligibility n=153
Records excluded n=135 (2 duplications; 40 narrative reviews; 75 differing in at least one relevant dimension)
Records included n=36 web 4C=FPO 269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304 narrative reviews, and 75 differing in at least one relevant dimension (ie, population, intervention, or comparator). Finally, we included 36 SRs from 19 different journals; most journals published only one of the selected SRs (10 of 19). Four sources were identified as top publishers: Lancet (n 5 5), The Cochrane Database of Systematic Reviews (n 5 4), Circulation (n 5 3), and JAMA (n 5 3). The SRs investigated angioplasty, angiotensin-converting enzyme (ACE) inhibitors, anticoagulants, antiplatelets, b-blockers, and stents. Their general characteristics and methodological quality are reported in eTables 1 and 2, /Apendix on the Journal's website at www.jclinepi.com respectively. Overall SR quality was better for the inclusion criteria reporting satisfied (34 of 36, 94.4%), meta-analysis methods described (36 of 36, 100%), and conclusions supported by data (35 of 36, 97.2%). The lowest quality items were selection bias avoided (12 of 36, 33.3%), study validity methods reported (15 of 36, 41.7%), and study validity methods used for inclusion and analysis (9 of 36, 25%). The quantitative results and conclusions of each SR are presented in eTable 3/Apendix on the Journal's website at www.jclinepi.com.
Concordance of meta-analytic results
The 36 identified SRs were categorized in 16 clusters of multiple SRs. Fig. 2 present forest plots enabling the inspection of all meta-analyses' results for singlecomponent and composite outcomes shared by two or more SRs in each cluster. Individual cluster ratings using defined criteria for quantitative and qualitative discordance are shown in Table 1 , where they are grouped according to a decision-maker perspective. Cluster ratings for authors' conclusions are shown in Table 2 .
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Green: concordant statistical significant superiority of either one treatment or the other in the cluster; yellow: concordant statistical nonsignificant difference between treatments; red: discordant statistical significance of treatment effects; D: discordance on direction for at least one SR of the cluster vs. others; H: heterogeneity chi-square P ! 0.10. (For interpretation of references to color in this table legend, the reader is referred to the web version of this article.) 672  673  674  675  676  677  678  679  680  681  682  683  684  685  686  687  688  689  690  691  692  693  694  695  696  697  698  699  700  701  702  703  704  705  706  707  708  709  710  711  712  713  714  715  716  717  718  719  720  721  722  723  724  725  726  727  728  729  730  731  732  733  734  735  736  737   738  739  740  741  742  743  744  745  746  747  748  749  750  751  752  753  754  755  756  757  758  759  760  761  762  763  764  765  766  767  768  769  770  771  772  773  774  775  776  777  778  779  780  781  782  783  784  785  786  787  788  789  790  791  792  793  794  795  796  797  798  799  800  801  802  803  804 Agreement was found in 11 of the 14 clusters reporting mortality, the hardest outcome measure: five (36%) agreed on either benefit (4 clusters) or harm (1 cluster) and six (43%) agreed on the inability to detect a difference. The remaining three (21%) included SRs with discordant results, for instance, one SR finding a benefit, whereas the others did not find statistical significant effects.
Agreement on concordant significance was found more often for reported composite outcomes (7 of 10 clusters, 70%) compared with single-component outcomes (10 of 31, 32%; P 5 0.035). In only one cluster (7), of seven, composite outcomes fully agreed with single component; in all other clusters, composite outcome was consistently in favor of the intervention.
When the composite outcome was not reported (six clusters), the other single-component outcomes agreed in two clusters showing concordant significance for mortality and MI (2) or concordant nonsignificant for mortality and stroke (11) .
There was very good agreement on the summary estimate favoring the experimental intervention. In fact, discordance on the direction of the overall estimate was found in only six outcomes across four clusters, which did not find a statistical significant difference (Table 1) . Furthermore, statistical significant heterogeneity was found in only three clusters, all concordant on benefit.
At the cluster level, the concordance across outcomes, regarding the three concordance patterns plus the lack of reporting as a fourth category, was poor. In fact, mortality (5, 7, 12) , MI (7, 11, 12) , and stroke (2, 7, 10) fell into the same pattern as the composite outcome in only 3 of 16 clusters each.
Multinomial logit regression confirmed that singlecomponent outcomes, that is, mortality, MI, and stroke, were more likely to show a statistically nonsignificant as opposed to a significant effect compared with composite outcomes [relative risk ratio (95% confidence interval): 6.4 (1.9, 21); 6.2 (1. Finally, year of publication could not be shown to increase the probability of reaching nominal statistical significance, adjusting by type of outcome [0.89 (0.72, 1.08)]. Table 3 summarizes the concordance within each cluster regarding authors' conclusions as presented in the abstract or, where the abstract was unclear, in the discussion. The 36 SRs showed very good concordance because as many as 14 of 16 clusters agreed on the superiority of the treatment (13 clusters) or control (one cluster, see eTable 2/Apendix on the Journal's website at www.jclinepi.comfor details). The only discordant clusters were 3 and 4, in which the same three SRs conducted two comparisons. Two SRs agreed in their results and conclusions and did not find significant differences between b-blockers and the control, whereas one SR conducted subgroup analyses on age, finding heterogeneity of effect. However, no test for interaction was reported to confirm an effect modification by age, and it was unclear whether the subgroup analysis was prespecified.
Concordance of authors' conclusions
In 6 of 16 clusters, sources of discordance did not affect the final agreement between the conclusions. In cluster 5, an earlier SR included three prestent era studies published from 1995 to 1998, whereas the other SRs excluded them. This led to more encouraging results across all outcomes favoring the intervention. In cluster 6, only one review presented the effect on the composite outcome, which led the authors to a stronger statement compared with the other three SRs, which found that the benefit of stenting was inflated by revascularization rates, an unblinded outcome component that was considered to be at risk of bias, thereby deflating the conclusion remark. Two clusters, 9 and 13, agreed in favor of one treatment, but one SR in each cluster argued for the lack of benefit on specific single outcomes. Two other clusters, 11 and 16, concluded balancing the benefits and harms.
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Study overlapping and sources of quantitative discordance
We assessed overlapping of included studies and causes of discordance on significance of treatment effects, that is, for outcomes with a red flag in each cluster in Table 1 .
In cluster Q4 1 (four SRs), two individual patient data (IPD) meta-analyses yielded very different ORs regarding outcome MI, both for direction and for significance, and this was related to the planned inclusion of mutually exclusive patients' subgroups, each of four studies, by the same collaborative IPD review group. In fact, the two reviews assessed the effect of ACE inhibitors initiated in the acute phase as compared with the late phase of MI, and detecting discordant treatment effects was an aim of the authors. The other two reviews in this cluster did not report on outcome MI.
Stroke in cluster 3 and stroke and mortality in cluster 4, which included the same three SRs, showed discordance on significance due to (1) different inclusion criteria: one included only four atenolol studies and another included additional studies on other b-blockers and (2) conclusions based on subgroup analysis: the third SR split results by younger vs. older patients, whereas the former did not. Study overlapping among the three reviews was not a problem once inclusion criteria were taken into account.
In cluster 5 (two SRs), disagreement on mortality and on the composite outcome was also due to different inclusion criteria because the abstract of one SR reported an OR based on two studies undertaken ''in the stent era,'' whereas the other included five more studies and yielded nonsignificant results.
In cluster 8 (two SRs), the more recent SR, published in 2001, comprised all but 1 of 10 studies included in the other, published in 1998, plus 20 additional studies published later, thus reaching statistical significance with no substantial difference in OR point estimate.
In cluster 10 (two SRs), the same four studies were included in both SRs, although one SR specifically commented that the other had overlooked time and dose dependence of harm related to oral glycoprotein IIb/IIIa antagonists because of the arbitrary 30-day end point used.
In clusters 12 (two SRs), study overlap and, therefore, causes of discordance could not be investigated as the included studies could not be traced for each outcome in an overview of 287 studies including several clinical questions.
In cluster 14 (three SRs), two SRs included three or two studies for MI and stroke, whereas the third did not specify which of 14 RCTs included where used for this outcomes. A Q5 potential explanation is that this last review highlighted a beneficial OR of MI restricted to studies targeting at INR between two and three, as compared with a nonsignificant meta-analysis of all studies (number of studies not reported).
Discussion
Summary of findings
Our findings suggest that in a 10-year period (1997 to 2007), the phenomenon of multiple overlapping SRs investigating treatments for MI is not rare. The results of these multiple SRs and their interpretation were consistent across SRs. Despite strengths and weaknesses regarding completeness and concordance of outcome reporting, the authors managed discordances so that the conclusions of SRs agreed, for or against the experimental treatment, in as many as 14 of 16 clusters. Concordance regarding the most commonly reported outcome components such as the overall mortality, MI, and stroke was more limited compared with composite outcomes, which may be related to the greater statistical power allowed by composite outcomes. Moreover, although mortality data were consistently presented by at least two SRs in almost all clusters, we found selective reporting of MI or stroke in published manuscripts. Regarding outcome components, SRs agreed well in terms of the direction of effects but not on their statistical significance.
The overall discordance pattern among outcomes suggests that small effects are difficult to measure precisely, even by means of SRs that include several studies. This is why many reviewers are prone to select composite outcomes: they can increase the statistical precision [19] . Because mortality and other adverse events are relatively infrequent in patients included in RCTs, lack of power can be a cause of inconsistency in the direction and significance of meta-analysis results. Other causes could be different precisions in measuring effects; for example, allcause mortality can be measured more precisely compared with MI recurrence. Finally, treatments could have truly different effects on each outcome component, an issue that might largely depend on the clinical and biological background of the disease. In other words, multiple outcomes refer to an overall disease process, an assumption that can be met sporadically. This led Freemantle et al. [20] to conclude that a benefit regarding the composite outcome does not necessarily translate to a benefit regarding each component. Accordingly, in 2007, Ferreira-Gonzalez et al.
[ [17] ] found that end points of least importance to patients typically contributed the most events of composite end points used in cardiovascular trials but often showed much larger effects than hard outcome such as mortality. Reassuringly, most multiple SRs included in our review used composite outcomes based on hard components in addition to death, such as MI and stroke.
Poor study overlapping for outcomes that disagreed on statistical significance of treatment effects was mostly related to differences in SR inclusion criteria and use of subgroups analyses. We also found that discordance was more common for single hard outcomes compared with composite outcomes, suggesting that both lack of precision and design differences were causes of discordance.
Our study supports current guidance for systematic reviewers, such as in the Cochrane Handbook [21] and GRADE [22] , that authors and panelists must prespecify the primary outcome(s), clarifying the approach used to value primary and secondary outcomes when drawing conclusions on comparative treatment effect. SRs are not immune from selective outcome reporting bias [23] : they can be at risk of bias due to selective inclusions of RCTs and selective reporting of results when there are multiple outcomes.
If we adopt the point of view of policy makers and research investors, our findings might appear more negative. In fact, even limited discordances, which do not affect agreement on conclusions of treatment effect, might lead to doubts regarding the real value of an intervention and, consequently, deter decisions to enforce it. The implications of such discordances are difficult to interpret. Scientists might be perceived as conflicting professionals and science as an unreliable process. Critiques to research that generate discordant results are not new [24] but relatively uncommon at the level of cumulative studies. Parallel to a study by Siontis et al. [2] , our study confirms that there is a waste in the production and reporting of research synthesis with many topics covered by multiple overlapping meta-analyses [2] .
Our study reinforces the importance of projects such as PROSPERO for the registration of meta-analysis protocols [25] and COMET, which aims to standardize the use of predefined outcomes in each research field that fulfill the requirements of relevance and usability [26] . Furthermore, patient-reported outcomes are seldom used in cardiology and should be considered because problems may exist not only with composite outcomes, but also with the balance between benefits and harms [27] .
In 1997, Jadad et al. [5] proposed a theoretical model, which hypothesized that discordance between SRs can originate from differences in quantitative results (direction, magnitude, or significance) and/or their interpretation [5] . Few other studies, mainly anecdotic, have investigated sources of discordance among SRs: different interpretation of identical quantitative results [8] ; different interpretation due to noncomparable analyses because of, mainly unmotivated, subgroup analyses; different selection of primary or secondary outcomes [6] ; different inclusion criteria [6] ; and different meta-analytical approaches [9, 28] . Our systematic attempt to explore the theoretical model proposed by Jadad et al. [5] , although limited to the cardiologic field, confirms many of the sources of discordance hypothesized. In addition, we found that study overlapping was good once design differences among SRs are taken into account, meaning that the systematic search of evidence was not a problem, and that an agreement on the PICO should be reached to plan SRs that answer questions that are relevant to clinical practice.
The strength of our study lies in the extensive search of SRs using validated strategies, the duplicate and independent assessment of multiple SRs based on PICO, and a caution adopted at each step, including the methodological quality assessment, data extraction, and selection of primary statements in each article.
A limitation of our review is that despite the large number of SRs assessed, we were unable to correlate the occurrence of discordance with either the SR quality or year of publication. These can be factors of interest given that the quality of SRs have improved over the last years [29] . Although the cardiovascular disease field is one of the widest area of investigation, we found too few multiple SRs to explore these issues.
Conclusion
Our study in the cardiologic field suggests that SRs addressing the same objective substantially agree in both their results and interpretation, despite the fact that they were conducted years apart and did not include the same studies. This finding is reassuring for those who use SRs to inform clinical and public health decision making. In clusters of multiple SRs, some reviews might disagree with others because of biases in their conduct. To safely use existing SRs for decision making, we suggest that users: (1) do not rely only on their conclusions but, as a minimum, examine quantitative results such as effect estimates and assess their coherence with interpretation; (2) rely on prespecified and widely agreed primary composite outcomes but also examine their components, especially hard outcomes such as mortality; and (3) do not use subgroup analysis as a basis for recommendations, unless prespecified and strongly supported by analyses. Readers should ask themselves whether additional outcomes that are relevant to their own question or practice have been transparently reported and can be included in the clinical decision making. Because outcome selection, collection, and reporting is often inconsistent across SRs exploring the same objective, multiple reviews can be seen as useful confirmation of findings by independent groups rather than a waste of resources in evidence synthesis production. Discordance on significance of treatment effects was due to a combination of variation in design with inclusion of different studies and lack of precision for single hard outcomes compared with a composite outcome. Such inconsistencies among SRs could potentially slow the translation of SRs' results to clinical and public health decision making and suggest the need for a broader methodological and clinical agreement on their design . 1208  1209  1210  1211  1212  1213  1214  1215  1216  1217  1218  1219  1220  1221  1222  1223  1224  1225  1226  1227  1228  1229  1230  1231  1232  1233  1234  1235  1236  1237  1238  1239  1240  1241  1242  1243  1244  1245  1246  1247  1248  1249  1250  1251  1252  1253  1254  1255  1256  1257  1258  1259  1260  1261  1262  1263  1264  1265  1266  1267  1268  1269  1270  1271  1272  1273   1274  1275  1276  1277  1278  1279  1280  1281  1282  1283  1284  1285  1286  1287  1288  1289  1290  1291  1292  1293  1294  1295  1296  1297  1298  1299  1300  1301  1302  1303  1304  1305  1306  1307  1308  1309  1310  1311  1312  1313  1314  1315  1316  1317  1318  1319  1320  1321  1322  1323  1324  1325  1326  1327  1328  1329  1330  1331  1332  1333  1334  1335  1336  1337  1338  1339 published by the BMJ Evidence Centre, London, UK (RERF).
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